Erratum: Engineering a p+ip Superconductor: Comparison of Topological Insulator 
and Rashba Spin-Orbit Coupled Materials [Phys. Rev. B 83, 184520 (2011)] 



Andrew C. Potter and Patrick A. Lee 

Department of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139 



o 

< 
o 



T3 

o 
o 



> 
o 

(N 

od 
O 



X 



In Ref. [H (henceforth referred to as I), we analyzed 
the effects of disorder on proposals to create an effective 
p+ip superconductor from a magnetized two-dimensional 
electron gas with Rashba spin-orbit coupling (SOC) by 
placing it on the surface of an ordinary bulk supercon- 
ductor. This problem was previously treated numerically 
m Refs. iandd In I, we pointed out that, since time- 
reversal symmetry is broken in the surface layer, disorder 
is generically pair-breaking and tends to suppress the in- 
duced superconductivity (SC). For this system there are 
three distinct types of disorder: 1) impurities which re- 
side in the SOC surface state, 2) interface disorder and 
3) impurities in the bulk superconductor. Recently the 
roblem of bulk-impurities was addressed again in Ref. 
They agree with our general finding that impurity 
types 1) and 2) are pair breaking but conclude that type 
3) is not. This led us to re-examine our analysis, and 
we now conclude that our finding concerning type 3) im- 
purities in I is incorrect. As will be explained below, 
the pair-breaking rate due to bulk impurities is actually 
negligible. This removes one barrier to the realization of 
proximity induced SC in semiconducting nanowires, but 
our previous conclusion that disorder in the wire and in 
the interface is detrimental remains the same. 

The pair-breaking effects of bulk-impurities come from 
processes like that in Fig. [T] In this process, an electron 
tunnels from the surface into the bulk, where it is scat- 
tered by a bulk-impurity before returning to the surface. 
In our analysis in Appendix A of I, we assumed the same 
Fermi-surface geometry for the surface layer and bulk su- 
perconductor. More realistically, the surface-layer is two- 
dimensional whereas the bulk superconductor is three- 
dimensional. Here wc show this mixed dimensionality 
strongly constrains the available phase-space for these 
scattering processes, and that the pair-breaking effects 
of bulk-impurities is negligible. While we only consider 
the case of a 2D electron gas with SOC, the following 
argument can also be applied to a ID (or quasi-ID) wire 
in contact with a 3D bulk superconductor. 

For a clean interface, the components of momentum 
parallel to the surface-bulk interface (x and y compo- 
nents) arc conserved whereas the perpendicular (z) com- 
ponent is not. An electron initially in the surface-layer 
with momentum k|| can tunnel into any bulk states with 
momentum k = (k|| ,k z ), but pays a large energy cost un- 
less k z is within ~ 7/1; j? of the bulk Ferm-surface (FS). 
Here vf is the bulk Fermi- velocity and 7 = 7rA^s|r| 2 
where Nb is the bulk tunneling density of states and T is 
the surface-bulk tunneling amplitude. Once in the bulk 
the electron can scatter to any momentum k + q within 
~ 1/tvf of the bulk FS, where t _1 is the bulk disorder 
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FIG. 1. Diagrammatic depiction of the pair-breaking pro- 
cess due to bulk impurities. The geometrical constraints on 
scattering due to the different dimensionality of the surface 
and bulk (see Fig. [5]) suppress these processes by a factor of 
"//sf <C 1. Circles with T show surface-bulk tunneling (S and 
B label surface or bulk Green's functions), bulk impurities are 
denoted by x , and the dashed line indicates that both x refer 
to the same impurity. 




FIG. 2. Momentum space geometry for surface-bulk tun- 
neling. The 2D surface Fermi-surface (FS) is extended into 
a cylinder since tunneling does not conserve the momentum 
perpendicular to the interface (in the ^-direction). Surface- 
bulk tunneling events involve only states near the intersection, 
I, of the surface and bulk FS's. 

scattering rate. However, in order to subsequently return 
to the surface-layer, the in-plane component of k + q 
must again be within ^/vp of the surface FS. There- 
fore, the available phase-space for such scattering is sa 
(27tA;f)(^ : )(^ : ). In contrast, the phase space available 

for arbitrary bulk impurity scattering is « Airk F (^^). 
The pair-breaking scattering rate is smaller than the 
bulk impurity scattering rate t~ 1 by the ratio of these 
two phase-space volumes: T~ h /t _1 



where ef is the bulk- Fermi energy. In a typical supercon- 
ducting metal, Ef will greatly exceed 7, hence the pair 
breaking due to bulk disorder can be safely neglected. 

Before concluding, we would like to emphasize the dis- 
tinction between the scattering rate, t7 , for surface- 
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FIG. 3. Diagrammatic depiction of a non-pair breaking scat- 
tering process for surface-electrons due to bulk impurities. 
Unlike the pair-breaking process shown in Fig. [1] this pro- 
cess has an unconstrained phase space. 

electrons from bulk-impurities and the pair-breaking rate 
rT 1 . The scattering rate, r^ 1 includes all possible bulk- 
disorder processes, and is dominated by processes like 



the one shown in Fig. |3l where an electron tunnels from 
surface to bulk, scatters from a bulk impurity and then 
continues to propagate in the bulk. This type of scat- 
tering is not pair breaking since, after scattering, the 
electron propagates only in the bulk where time-reversal 
symmetry is intact and pairing is not disrupted. Such 
processes do not suffer the same phase-space restrictions 
described above, and consequently can be quite large 
even though the pair-breaking rate is small. There- 
fore, it is not that the surface-electrons are largely unaf- 
fected by bulk impurities, but rather that scattering from 
these impurities is predominantly non-pair breaking. 
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